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© A multiple use radio frequency (RF) transmitter 
comprises means (2, 8, 22) for generating a plurality 
of different digital information signals and means 
(12) for generating respective digital carrier signals 
for said information signals, said carrier signals hav- 
ing higher frequencies than their respective informa- 
tion signals. Further included are means (10) for 
modulating said digital carrier signals with their re- 
spective digital information signals _and means (24) 
for accumulating said modulated signals to a com- 



posite digital signal. Digital-to-analog converter 
(DAC) means (26) are common to each of said 
modulated signals for converting said composite 
digital signal to a composite signal in analog format. 
Further provided are means (30) for altering the 
frequency of said composite signal to a desired 
radio frequency (RF) band and means (32) for ex- 
cluding frequencies outside said desired RF band 
from said composite signal. ' 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to digital RF transmitters 5 
and transceivers, and more particularly to digital 
transmitter and transceiver systems capabie of si- 
multaneously servicing multiple channels. 

Description of the Related Art io 

There are a number of areas in which multiple 
channel transmission is required, including applica- 
tions which call for different modulation formats 
and bandwidths. For example, commercial avionics is 
requires both air-to-air and ai Mo-ground commu- 
nication and data links for the transmission of voice 
and data, a radar altimeter which measures the 
reflection of a radio signal from the ground to 
determine the distance from the plane to the 20 
earth's surface, and an S-mode transponder tran- 
sceiver that responds to a ground radar signal and 
returns a signal with aircraft identification, airspeed, 
heading, and altitude information for air traffic con- 
trol operations- 25 

With current technology, each of these com- 
munication links requires a separate transmitter. 
The signals may be generated digitally, but are 
converted to analog format and amplified for trans- 
mission. The analog components, including the 30 
analog-to-digitat converter (ADC) and digital-to-ana- 
log converter (DAC), are the most costly elements; 
providing these elements separately for each dif- 
ferent transmission channel multiplies the overall 
cost. In addition, providing a separate transmitter 35 
for each different channel increases the size, 
weight and power requirements of the overall com- 
munications system. 

SUMMARY OF THE INVENTION ^ " 40 

The present invention seeks to provide a 
transmitter/transceiver system -that' employs digital 
signal processing, is capable of accommodating 
numerous different . transmission channels with a 45 : 
common set of digital hardware and anaic>g 'compo- 
nents; and therefore achieves lower cost,' size, 
weight and power requirement than previous mul- 
tiple channel systems. A system that is compatible 
with most popular types of modulation is also de- so 
sired. 

To realize these goals, a plurality of different 
digital information signals are generated and used 
to modulate respective higher frequency digital car- 
rier signals, with the resulting modulated signals 55 
accumulated to a composite digital signal. A com- 
mon DAC is used to convert the composite digital 
signal to analog format for transmission. The fre- 



quency of the composite signal is shifted to a 
desired RF band either before or after the digital- 
to-analog conversion, and a filter is provided to 
exclude frequencies outside the desired RF band 
from the composite signal. When signal amplifica- 
tion is needed, a common analog power amplifier 
is used to amplify the composite analog signal. 

In a preferred embodiment both the digital in- 
formation and the digital carrier signals are sepa- 
rated by time multiplexing, and the resulting time 
multiplexed modulated signals are accumulated to 
a simultaneous time basis before the DAC conver- 
sion. The shift to an RF level may be accomplished 
digitally by increasing the signal sampling rate to 
create higher frequency images of the signal, and 
selecting a desired one of the images for transmis- 
sion. This is preferably accomplished with a finite 
impulse response (FIR) filter and an interpolation 
filter, with zero values assigned to the added sam- 
ples. The frequency band of the original baseband 
digital signal is increased to a level compatible with 
the carrier signals by a similar mechanism. A com- 
mon FIR filter and interpolation filter may be used 
for this purpose, with the filter sampling rate equal 
to the sample rate of the carrier signals multiplied 
by the number of different channels to be transmit- 
ted. 

The transmitter may be incorporated into a 
transceiver that is similarly capable of handling 
multiple simultaneous reception and transmission 
channels without the redundancy in equipment re- 
quired by previous systems. The received channels 
are time multiplexed together with the transmission 
channels, with a common direct digital synthesizer 
used to produce both digital carrier signals for the 
transmission channels and digital tuning signals for 
the reception channels on a time multiplexed basis. 
The reception channels are separated from the 
transmission channels after complex multiplication 
by their respective tuning and carrier signals. The 
received signals may then be reduced to baseband 
frequencies by a similar FIR and decimation filter 
used to shift up the frequency of the original 
baseband transmission signals. 

These and other features and objects of the 
invention will be apparent to those skilled in the art 
from the following detailed description, taken to- 
gether with the accompanying drawings, in which: 

BRIEF DESCRIPTION O F T HE DRAWINGS 

FIG. 1 is a simplified block diagram of a tran- 
sceiver system that incorporates the invention; 
FIG. 2 is a more detailed block diagram showing 
the digital portions of the system of FIG. 1 ; 
FIG. 3 is a block diagram showing an alternate 
RF frequency shift mechanism from that de- 
picted in.FiG. 1, with the frequency shift imple- 
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merited digitally; 

FIGs. 4 and 5 are spectral signal diagrams re- 
spectively showing a typical baseband set of 
signals that are to be transmitted, and higher 
frequency images of the baseband signals used s 
as a frequency shift mechanism; 
FIG. 6 is a signal diagram illustrating an in- 
crease in signal sampling rate used to produce 
a frequency shift; 

FIG. 7 is a signal diagram illustrating the FIR w 
filter output characteristic; 

FIGs. 8 and 9 are block diagrams of a direct 
digital synthesizer and a digital filter used re- 
spectively to generate multiple digital carrier sig- 
nals and to modulate the carrier signals with the is 
digital information signal; and 
FIG. 10 is a block diagram of an alternate em- 
bodiment in which separate FIR and interpola- 
tion filters are used for each different baseband 
information signal to be transmitted. 20 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention implements multiple si- 
multaneous digital transmitters and digital receivers 25 
by time division multiplexing the modulation and 
tuning hardware. When multiple channel transmis- 
sion and/or reception is required, only a single set 
of digital hardware can be multiplexed to form . 
virtual transmitter and receiver channels. This al- 30' 
lows only a single DAC to be used to translate the 
transmission signals into the analog domain. Where 
multiple channel transmission is required, including 
the use of different modulation formats and band- 
widths, only a single transmitter power amplifier is 35 ( 
required. 

The invention is compatible with most popular 
modulation types such as amplitude modulation 
(AM), single side band (SSB) and frequency modu- 
lation (FM), and digital modulation liuch -as binary 40 
phase shift key (BPS K),. quadrature phase shift key 
(QPSK), offset QPSK, quadratureramplitude modu- 
lation (QAM), frequeneyj.sfiift key (FSK): and mini- 
mum shift key (MSK). These ; modulations are pref- 
erably applied to digital, carrier signals, with ^..bigh 45 
speed complex multiplier in ^tjme-. division^ mul- 
tiplexed manner. Since the, b§n d width, of -the. .mod u- : 
lation is usually substantial tyiAov/er-, than the, .band- 
width of the carrier, it is feasible for these functions 
to be generated in a -lower speed programmable so. 
digital signal processor (DSP)."* "" ' "~ ~ 

FIG. 1 is a block diagram, .of- a multiple sirnulta- 
neous channel digital transceiver. In -the transmit 
mode, multiple digital, information- .-signals corre- 
sponding to -the different transmission channels are 55 
generated in a relatively, low,,, speed programmable 
DSP 2 such as the Texas , Instruments Model 
TMS320C30 DSP. The DSP includes ,in/out inter- 



face lines 4 that provide for the input and output of 
transmission and - received signals. The DSP is 
programmed through a control unit 6. 

The various baseband transmissions signals 
from the DSP. are delivered as inputs to a time 
division multiplexer 8, where they are combined by 
time division multiplexing into a composite, signal 
that is applied to a complex multiplier 10. A direct 
digital synthesizer 12 generates a plurality of time 
division multiplexed carrier signals, one for each 
information signal to be transmitted. The carrier 
signals are also applied to the complex multiplier 
10, where they are modulated by their respective 
information signals. 

In the receive mode an antenna 14, which may 
be implemented as a separate antenna for each 
reception channel, receives transmitted signals 
which may then be amplified (not shown) before 
being applied to respective anti-alias filters 16a, 
16b, and 16c. The characteristics of the filter will 
depend upon the specific application requirements, 
and preferably should have very close to linear 
phase and minimum loss. The filtered signals are 
directed to an analog-to-digital converter (ADC) 18. 
Although the outputs of filters 16a, 16b and 16c are 
shown connected together for simplicity, in practice 
either the input circuitry of ADC 18 would function 
as a summing node for the filter outputs or a 
separate summing node could be. provided. The 
ADC's sample rate will depend upon (a) whether 
baseband or passbahd sampling is utilized, (b) the 
signal information, bandwidth and/or maximum sig- 
nal frequency, and. (c) aliased, image location. 
Baseband sampling requires a., sample rate that is 
at least twice as high as the highest instantaneous 
frequency contained in the signal being sampled. 
Bandpass sampling allows for a sample rate that is 
less than the frequency of the lower bandedge, so 
long as the sample rate is at least twice the band- 
width of the single provided by the RF anti-alias 
filters 16a, 16b, and 16c. 

The digital outputs from ADC 18 are applied as 
inpqts ,to multiplexer 8 along with the transmission 
si^o^ls from DSP 2. The multiplexer combines all 
of the' transmlssjQn . .and reception signals into a 
corjnpp,sjte multiplexeid signal that goes to complex 
multiplier, 10. The direct digital synthesizer 12 gen- 
erates reception tuning signals along with the trans- 
mission carrier signals on a time multiplexed basis 
in synchronism with multiplexer 8, such that each 
transmission signal operates upon its correspond- 
ing carrier signal, and each received signal op- 
erates upon its corresponding tuning signal, in the 
complex multiplier. 

The output, from the complex multiplier 10 is 
delivered to a demultiplexer 20 that operates in 
synchronism with multiplexer 8 to separate the 
received from the transmission signals. The re- 
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ceived signals are directed to a finite impulse re- 
sponse (FIR) filter arrangement 22 that serves as a 
bandpass filter for each of the multiplexed recep- 
tion bands. Separate FIR filter coefficients are re- 
quired for each different service bandwidth; only a ■ 
single set of FIR filter coefficients are required for 
multiple channels with a single bandwidth. The 
number of FIR coefficients per service band will 
vary according to the original sample rate and the 
final data rate, but generally will fail within the 
range of about 20-200. The final demodulation is 
accomplished in the DSP 2. 

The demultiplexed transmission signals are 
summed together in an accumulator 24, and then 
transformed to analog format with a standard high 
speed DAC 26. The DAC 26 brings the signal 
outside of the digital realm, which is shown en- 
closed by dashed line 28. The frequency of the 
analog signal is shifted to a higher level suitable for 
RF transmission by up converter 30, processed by 
bandpass filter 32 to remove signals external to the 
desired transmission channel, and then processed 
through a standard class-A linear analog power 
amplifier 34 if further amplification is necessary. 
Finally, the transmission signals are simultaneously 
radiated from a suitable antenna 36; a set of dif- 
ferent antennas may be employed if a single an- 
tenna is not compatible with each of the different 
transmission channels. 

Further details of the digital hardware are 
shown in FIG. 2. In this diagram the DSP 2 and FIR 
filter 22 are each shown twice, once on the left 
hand side of the diagram for their transmission 
functions and again on the right hand side of the 
diagram for their receive functions. However, it 
should be understood that the purpose of this type 
of presentation is to simplify the diagram, and that 
only a single DSP and a single FIR fitter structure 

would normally be employed. 

if the DSP is assumed to be capable of pro- 
ducing five separate transmission signals, five sep- 
arate FIR filters 22 are shown. Preferably, however, 
the FIR filters would be implemented as a single 
time-multiplexed filter running at a sample rate five 
times that of a single filter. Assume that the DSP 2 
produces up to five transmission -signals "with a 
baseband sample rate of 44.1 kilosiampies per sec- 
ond (ks|DS). The FIR filter 22 operates by. creating 
multiple higher frequency images of the baseband 
signal. For example, 1,279 images in addition to 
the original baseband signal may be created, with 
the highest frequency image at 56.448 rnegasam- 
ples per second (Msps) (44.1 ksps x 1,280). The 
FIR filter function 22 includes an interpolation filter 
that eliminates all of the images except a desired 
image to be transmitted, generally the highest fre- 
quency image. Thus, the FIR and interpolation fil- 
ters in effect produce an upward frequency shift 
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from baseband. The signal sample rate of the out- 
put of FIR filter 22 is 282.24 Msps (56.448 Msps x 
5). In the receive path the FIR filter 22 eliminates 
adjacent channels and channel interference which 

5 would fold into the passband during decimation. 
Thus the FIR and decimation filters in effect pro- 
duce channel isolation. 

The multiplexer 8 of FIG. 1 is shown divided , 
into separate multiplexer sections 8a and 8b in FIG. 

io 2. Multiplexer 8a time multiplexes the transmission 
signals from FIR filter 22, while multiplexer 8b time 
multiplexes the signal from multiplexer 8a with the 
received RF signals from ADC 18. The result is a 
multiplexed signal that includes tune division of 

15 both the transmission and the received signals. 

The demultiplexer 20 of FIG. 1 is similarly 
implemented as a pair of demultiplexers 20a, 20b 
in FIG. 2. Demultiplexer 20a separates the trans- 
mission signals from the received signals, with the 

20 transmission signals going to accumulator 24 and 
the receive signals to the second demultiplexer 
20b, at an exemplary frequency of 282.24 Msps. 
The second demultiplexer 20b separates the dif- 
ferent receive channels. . 

25 The available multiplexer channels can be di- 

vided between transmission and reception modes 
as desired. For the illustrated example which vo- 
vides for a total of five channels, any deti'ad 
number may be assigned to transmission, with the 

30 remaining channels available for reception. For ex- 
ample, if three transmission' and two reception 
channels are desired, two of the five possible trans- 
mission outputs from DSP 2 would simply be set to 
zero, leaving these channels available for reception. 

35 In the same way, the synthesizer, multiplier and 
filters could be multiplied to form any desired com- 
bination of transmission and reception channels. 
The modulated transmission waveforms are added 
together in the digital domain prior to the DAC 26, 

40 and then the composite waveform is converted to 
analog, filtered, up converted and fed to the single 
power amplifier.- Multiple transmission channels are 
thus possible with only one DAC and one power 
amplifier. The power output is split between the 

45 multiple channels: The division of channels be- 
tween transmit and receive is . set by the DSP, 
which normally must be.reprogrammed to alter this 
division. Further details -of a preferred receiver are 
provided in copending U.S. patent application 

so Serial No. 714,492 filed June 13, 1991 by the 
present inventor and assigned to Hughes Aircraft 
Company, the assignee of the present invention. 

In the embodiment of FIG. 1, the final fre- 
quency shift to RF is accomplished by analog up 
55 converter 30. An alternate embodiment, in which 
the final frequency shift to RF is accomplished in 
the digital domain, is illustrated in FIG. 3. In this 
configuration the upconversion function is accom- 
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* plished by an FIR filter 38 that functions in a 
manner similar to the FIR filter 22. It produces 
higher frequency images of the composite signal 
from accumulator 24. An interpolation filter may 
also be included to select only .one.- of the higher 
frequency images for transmission, or this function 
may be performed by the bandpass filter 32. The 
bandpass filter would remove all remaining images, 
as well as the principal spurious frequencies from 
the DAC 26. The DAC would generally have suffi- 
cient output drive to the antenna so that no addi- 
tional power amplifier would be necessary. A 
predistortion filter 40 is preferably added to the 
circuit to compensate for the sinx/x distortion inher- 
ent in the FIR filter 38. 

FIGs. 4 and 5 are signal diagrams that illustrate 
the upcon version process performed by the FIR 
filters. Assume that the composite signal, from ac- 
cumulator 24 is in a band of about 950 MHz -1.1 
Ghz, and includes an air-to-air communications 
channel 42, an air-to-ground channel 44, an S- 
mode channel 46 and a radar altimeter channel 48. 
It should be noted that each of these channels 
requires a different transmission power, which is 
accommodated by the present system. As shown 
in FIG. 5, the original signal band 50 has been 
replicated by higher frequency images 50a ...50 n -i, 
50„. The higher frequency images are at integer 
multiples of the original sample rate. The final 
bandpass filter 32 is constructed around- the. trans- 
mission band at which the multiple simultaneous 
transmission signals are desired. This filter rejects 
the baseband signals and all of the aliased images, 
so that only the desired aliased image spectra , 
remain. ■ 

FIG. 6 illustrates the process by which the 
aliased images are created. The input signal 52 
has a frequency f s ,represented by digital samples 
54 taken every half-cycle. However, additional fre- 
quencies which are integer multiples" of f« will share 
the same sample values. :The sampling rate. = is 
increased by inserting ? additional, samples 56 be- 
tween the sample points; ; zero 1 .values are assigned 
to the added samples by . the: c interpolation filter;, 
The result is* an :output signal; "whose sample rate 
(frequency) is greater than: that of .the input signal 
by a factor N, where N isequat to the proportionate- 
increase in the number of samples:. For example, to 
shift a 56 Msps signal toi-a broadcast RF frequency: 
of 448 MHz, 7 additional samples- are added, be^r 
tween each pair of original samples, yielding N = 8. . 

FIG. 7 illustrates the sinx/x: output characteristic 
inherent in an FIR filter. This can; be accounted for 
in two ways. First, a predistortion filter 40. (FIG.; 3) 
with an inverse x/sirix transfer characteristic can be 
added to the digital circuitry.' Second, an aliased 
image, such as image 58v that is relatively close to 
the baseband and thus has a. power level com- 



parable to that of the baseband, may be selected. 

Further details of. the multiple simultaneous di- 
rect digital ^synthesizer 12 are shown :in FIG. 8. 
Respective phase incrementors 60a, 60b, 60c are 
5 provided for - each selected reception or transmis- 
sion channel. Only three channels are illustrated, 
divided between transmit and receive as com- 
manded by the DSP. The phase incrementors 60a- 
60c generate real and quadrature components of 
10 incremental phase values, at a frequency deter- 
mined by the selected channel frequency. The 
outputs of each phase incrementor are accumu- 
lated in respective accumulators 62a, 62b, 62c to 
produce accumulated values that are functions of 
75 the selected frequencies. To maintain frequency 
coherence among the multiple frequencies, the 
phase accumulation for each frequency is per- 
formed in a separate accumulator. However, phase 
increment registers and accumulators require only 
20 relatively minor amounts of additional hardware. 

The outputs of the accumulators 62a, 62b, 62c 
are time division multiplexed by a multiplexer 64, 
which interlaces the various accumulator signals in 
time onto a single line. The output of multiplexer 64 
25 is applied to a sine/cosine read only memory 
(ROM) t 66 that stores codes which translate the 
values ^accumulated in the accumulator 62a, 62b, 
62c. to digitized sine and cosine outputs. The out- 
put sinusoidal waves will preferably have about 14 
30 bit-accuracy, requiring approximately 2 1B entries in 
the ROM 66. .The sampled, digital sine and cosine 
outputs have the same frequencies as the carrier 
frequencies of the channels to be transmitted or 
tuned. The sine/cpsine table look-up ROM is cloc- 
35 ked at a higher frequency than the phase in- 
crementors to generate- multiple frequency words. 
For example,, assuming the use of three phase 
incrementors that -are each clocked at a 10 MHz 
rate, the sample rate at which the sine/cosine ROM 
40 34 ; i$ addressed will be 30 MHz. However, the cost 
of : the ROM is- directly related to its,, number of 
gates^and-bitSv: and these need not bejncreased to . 
increase its^ sample rate., : r . 
- Th?.. output : Qf the sine/cosine ROM 66 is ap- 
45 pliedctQ the? cprnp!eo< , multiplier 10 (FIGs. 1 and, 2), 
whereat j§. r rnjxed -..with . the digitized time mul?. 
tipjexecl.te from DSP 2 and rer 

ceiyecir signals . from ADC 18. Complex mixing is" 
utilized because this allows the entire spectrum ; to 
so. be shjfted .in. one- direction,- as distinguished from 
"rear mixing (i.e., -where, only one multiplication is 
utilized), which* can result in distortion that pro- 
duces overlapping .images. As is well known, real 
mixing produces four images of the original posi- 
55 tive and negative spectral images. 

The- sine and cosine outputs .from ROM 66 are 
applied to respective complex multipliers 68 and 
70 of the overall multiplier 10, which receive their 
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input signals from terminal 72; the signal at termi- 
nal 72 can be either real or complex. The outputs 
from multipliers 68 and 70 are combined by adder 
74 in a standard digital quadrature combiner con- 
figuration. One of the inputs to adder 74 is added, 5 
and the other is subtracted. This results in the 
elimination of a complex signal with real and imagi- 
nary components that is normally output from a 
complex mixer (the sum and difference of the 
mixed signals), with the final output signal being a 10 
real signal that depends upon which signal is ad- 
ded and which is subtracted in adder 74. 

A digital FIR filter suitable for use with the 
present invention is illustrated in FIG. 9. Separate 
FIR ROMs 76a, 76b, 76c store FIR coefficients for 15 
each separate channel. The FIR ROMs are ad- 
dressed in a time division multiplexed fashion, in 
synchronism with the multiplexing of the signal 
applied to the ROM by a multiplexer 78. The digital 
signals apply to the FIR filter are multiplied in a 20 
complex multiplier 80 by the FIR ROM coefficients 
for their respective channels. The results of this 
multiplication are separated into separate data 
streams by demultiplexer 82. and forwarded to 
respective accumulators 84a, 84b, 84c for each 25 
selected channel. Each successive input datum to 
complex multiplier 80 is multiplied by a successive 
coefficient for the corresponding channel, with the 
accumulator 84a, 84b, 84c for each selected chan- 
nel adding the results of the multiplication for its 30 
respective input signal. The data rate output from 
the accumulators is thus decimated by a factor 
equal to the number of FIR coefficients with re- 
spect to the sample rate of its input signal. The 
outputs from the accumulators are then time di- 35 
vision multiplexed back to a composite signal by 
multiplexer 86. 

Time division multiplexing is the preferred im- 
plementation for the invention, since it reduces the 
amount of necessary digital hardware." However, 40 
time multiplexing is not absolutely essential, and 
redundant digital hardware could be used for the 
different channels being processed. Since redun- 
dancy in the digital hardware is considerably less 
expensive than redundancy in the DAC or analog 45 
power amplifier, most of the cost advantages of a 
single DAC will still be preserved. An example of 
such a circuit is illustrated in FIG. 10. Five separate 
FIR filters 22 are provided, each receiving a re- 
spective input signal from DSP 2. Five separate so 
complex mixers 10a, 10b, 10c, 10d and I0e mix 
the outputs of respective FIR filters 22 and of five 
separate respective direct digital synthesizers 12a, 
12b, 12c, 12d and 12e. The separately processed 
digital transmission signals are combined in the 55 
adder 24 to again produce a single composite 
signal for DAC 26. Separate digital processing 
hardware would similarly be provided for received 



RF signals. 

However, it is preferred when the multiple use 
RF transmitter includes a digital signal processor 
for generating said digital information signals, said 
digital signal processor controlling the assignment 
of said time multiplexing and demultiplexing means 
to said digital information signals and said digitized 
received signals. 

While a number of different embodiments of 
the invention have been shown and described, nu- 
merous variations and alternate embodiments will 
occur to those skilled in the art. Accordingly, it is 
intended that the invention be limited only in terms 
of the appended claims. 

Claims 

1. A multiple use radio frequency (RF) transmit- 
ter, comprising: 

means (2, 8, 22) for generating a plurality 
of different digital information signals, 

means (12) for generating respective digi- 
tal carrier signals for said information signals, 
said carrier signals having higher frequencies 
than their respective information signals, 

means (10) for modulating said digital car- 
rier signals with their respective digital informa- 
tion signals, 

means (24) for accumulating said modu- 
lated signals to a composite digital signal, 

digital-to-analog converter (DAC) means 
(26) common to each of said modulated sig- 
nals for converting said composite digital sig- 
nal to a composite signal in analog format, 

means (30; 38) for altering the frequency 
of said composite signal to a desired radio 
frequency (RF) band, and 

means (32) for excluding frequencies out- 
side said desired RF band from said compos- 
ite signal. 

2. The multiple use RF transmitter of claim 1, 
wherein said digital , information signals are 
separated by time multiplexing prior to being 

_ . accumulated. 

3. The multiple use RF transmitter of claim 1 or 
claim 2, s$id digital information and digital 
carrier signal generating means (2, 12) gen- 
erating their respective signals on a time mul- 
tiplexed basis, said modulating means (10) op- 
erating on a time multiplexed basis to produce 
a plurality of time multiplexed modulated sig- 
nals, and said accumulating means (24) accu- 
mulating said time multiplexed modulated sig- 
nals to a simultaneous time basis. 
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4. The multiple use RF transmitter of any of 
claims 1 - 3, said means (30; 38) for altering 
the frequency of said composite signal com- 
prising means (38) for increasing the sampling 

rate of said signal and thereby producing high- 5 
er frequency images of said signal. 

5. The multiple use RF transmitter of any of 
claims 1 - 4, wherein said digital information 
signals are separated in respective redundant 10 
digital modulating means (20) prior to accu- 
mulation, 

6. The multiple use RF transmitter of any of 
claims 1 - 5, said digital information signal is 
generating means (2, 8, 22) comprising a digi- 
tal signal processor (2) for generating 
baseband digital information signals, means 

(22) for generating higher frequency images of 
said baseband signals, and means (8) for se- 20 
lecting a desired image signal for each in- 
formation signal for modulating a respective 
carrier signal. 

7. The multiple use RF transmitter of claim 6, 25 
said means (22) for generating higher frequen- 
cy images of said baseband signals compris- 
ing means (76 - 86) for increasing the sam- 
pling rates of said baseband signals. 

30 

8. The multiple use RF transmitter of any of 
claims 1 - 7, said means (30; 38) for altering 
the frequency of said composite signal operat- 
ing upon said composite signal in its digital 
form and comprising means (38) for increasing 35 
the sampling rate of said signal and thereby 
producing higher frequency images of said sig- 
nal. 



of said modulated signals to a desired RF 
band. 

11. A multiple use radio frequency (RF) transceiver 
comprising: " 

means (2, 8, 22) for generating a plurality 
of different digital information signals, 

means (18) for digitizing received analog 
RF signals, 

means (12) for generating digital carrier 
signals for said information signals and digital 
tuner signals for said digitized RF signals, 

digital modulator means (10) for digitally 
modulating said digital carrier signals with re- 
spective digital information signals and for ex- 
tracting desired frequencies from said digitized 
RF signals with said tuner signals, 

means (20) for providing reception outputs 
from said extracted frequencies of said digitiz- 
ed RF signals, 

digital-to-analog converter (DAC) means 
(26) common to each of said modulated digital 
signals for converting said signals to analog 
format, and 

means (30; 38) for altering the frequency 
of said modulated signals to a desired RF 
band. 



9. The multiple use RF transmitter of claim 8, 40 
said means (38) for increasing the sampling 

rate of said composite signal assigning a zero 
value to the added samples. 

10. The multiple use radio frequency (RF) trans- 45 
mitter, comprising: 

means (2, 8, 22) for generating a plurality 
of time multiplexed digital' information signals, 

means (1 2) for generating digital carrier 
signals for said information signals, 50 

means (10) for digitally modulating said 
digital carrier signals with respective digital in- 
formation signals, 

digital-to-analog converter means (26) 
common to each of said modulated signals for 55 
converting said modulated carrier signals to 
analog format, and 

means (30; 38) for altering the frequency 
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